This paper explores the impact of catalyst dosage, molar ratio of normal butanol to maleic anhydride, reaction temperature and reaction time, etc. on esterification rate in combination with the synthesis of dibutyl maleate with SO4 2-
INTRODUCTION
Dibutyl maleate, also called di-n-butyl maleate, is a kind of low toxic colorless oil liquid, soluble in alcohol but insoluble in water. It can be used as the raw material for synthetic resin and coating, and also the intermediate for organic synthesis. Synthesis with strong sulphuric acid catalyst is mainly adopted for industrial production, which is of high reactivity except for side reaction (carbonization, oxidation and polymerization, etc.), many by-products, complex process, troublesome post-processing, larger sewage discharge quantity and severe corrosion to equipment by strong sulphuric acid, etc.
Domestic research mainly focuses on the new high efficient and environment-friendly catalyst, and the following catalysts have been researched so far in China: p-toluenesulfonic acid, sulfamic acid, composite solid acid, sodium hydrogen sulfate, stannic chloride, butyl titanate and ammonium ferric sulfate dodecahydrate, etc. With the further development of economy, the industry has increasing demand for dibutyl maleate, so the cheap, high efficient and DENG Jun 1,2a , ZHU Xuejun 1,2b , ZHAO Wei 1,2c and ZHANG Yi zhangyi@163.com environment-friendly catalyst is an inevitable choice for the synthesis of dibutyl maleate.
Solid super acid is a kind of acid stronger than strong sulfuric. Compared with liquid super acid, the solid super acid is featured by almost no corrosion to the equipment, little environmental pollution, relatively easy separation from the product and high catalytic efficiency after repeated use, etc., which has attracted the attention of many researchers.
In this research, the solid super acid catalyst prepared by ferrous sulfate, a by-product to produce titanium dioxide, is applied to catalyze the dibutyl maleate synthesized by normal butanol and maleic anhydride. 
EXPERIMENTAL PART

Raw Materials and Instruments for Experiment
Experimental Method
The synthesis of dibutyl maleate is conducted in the device comprising a 3-necked flask, reflux condensing tube, water knockout vessel, thermometer and stirrer. First of all, add certain quantity of normal butanol and maleic anhydride, then add certain quantity of SO4 2-/Fe2O3 solid super acid catalyst, measure the mixture acid value after shaking up, and implement reflux reaction for a certain time until almost no water is disengaged, cool down to room temperature after the reaction to measure the mixture acid value again, then filter the catalyst powder and scrub it with sodium carbonate solution and distilled water until it becomes neutral, and finally distill the raw product to obtain the dibutyl maleate. The formula of esterification rate is as follows.
Esterification rate = (acid value at initial reaction -acid value at finished reaction)/ acid value at initial reaction x 100%
Infrared Spectroscopic Analysis
FTIR-850 Fourier transform infrared spectrometer is used to determine the infrared spectroscopy of the sample, and the potassium bromide-disk technique is adopted for the sample, within spectrograph of 4,000~400cm -1 .
RESULTS AND DISCUSSION
(1) Impact of catalyst dosage on esterification reaction Fig.1 shows the curve for the impact of catalyst dosage on esterification rate with molar ratio of normal butanol to maleic anhydride of 3.5:1, reaction temperature of 120°C and reaction time of 3h. From the figure, the esterification rate is gradually increased along with the increase of catalyst dosage within a certain range. When the catalyst dosage reaches 2%, the esterification rate will exceed 90%, and when the dosage is increased unceasingly, the rise of its esterification rate is not obvious. Meanwhile, it will cause the increase of side reaction and decline of esterification rate. Figure 1 . the impact of catalyst dosage on esterification rate.
(2) Impact of molar ratio of alcohol to acid on esterification reaction Fig.2 shows the curve for the impact of molar ratio of alcohol to acid on esterification rate with catalyst dosage of 2%, reaction temperature of 120°C and reaction time of 3h. From the figure, the esterification rate is increased and then decreased, along with the increase of molar ratio of alcohol to acid. The reason may be that the esterification reaction is reversible reaction, the increase of alcohol dosage will accelerate the esterification reaction and increase the esterification rate, but too much alcohol dosage will reduce the concentration of reactant, hinder the continuance of esterification reaction and reduce the esterification rate. Fig.3 shows the curve for the impact of reaction temperature on esterification rate with catalyst dosage of 2.0%, molar ratio of normal butanol to maleic anhydride of 3.5:1 and reaction time of 3h. From the figure, the esterification rate is increased and then decreased. The reason may be that the excess temperature will cause too fast return velocity in the condensing tube, which will hinder the water knockout vessel to separate water and reduce the esterification rate. 
(3) Impact of reaction temperature on esterification reaction
(4) Impact of reaction time on esterification reaction
Fig4 shows the curve for the impact of reaction time on esterification rate with catalyst dosage of 2.0%, molar ratio of normal butanol to maleic anhydride of 3.5:1, reaction temperature of 120°C. From the figure, when the reaction time is increased to 3h, its esterification rate may reach 90%, which fully explains that this solid super acid, greatly shortens the reaction time due to a catalyst of small size effect, surface effect and strong catalytic activity, and then increases the reaction time, and the improvement of the esterification rate is relatively low, meanwhile it will cause many side reactions and reduce the esterification rate.
(5) Impact of catalyst life on esterification reaction Fig.5 shows the curve for the impact of catalyst life on esterification rate when using the same catalyst for reaction, with catalyst dosage of 2%, molar ratio of alcohol to acid of 3.5:1, reaction temperature of 120°C and reaction time of 3h.
From the figure, when the catalyst is used for 4 times, about 70% esterification rate can be obtained; when the catalyst becomes inactive after repeated use, it is just a temporary inactivation, and the catalyst activity can be recovered and used repeatedly through re-scrubbing, drying, acidification, calcination, supplementing the lost acid site of the catalyst and burning off the carbon deposit. 
(6)Infrared Analysis on Dibutyl Maleate
The experiment is implemented under the conditions with catalyst dosage of 2%, molar ratio of alcohol to acid of 3.5:1, reaction temperature of 120°C and reaction time of 3h, and the esterification rate is 90.5% and the productive rate exceeds 81%. The infrared spectroscopy of the product is shown in Fig.6 ; as can be seen from the figure, 2880cm 
